B lackberry traditionally has been propagated using vegetative methods including tip layering, cane cuttings (soft and hard), root cuttings, and tissue culture (TC) (Caldwell, 1984) . Large commercial blackberry nurseries use TC techniques that are expensive and need a high capital investment, but a few small nurseries are still using leafy softwood cuttings taken in summer from stock plants growing in screen house to propagate blackberry plants (J. Ballington, personal communication) . Propagation of some erect-type blackberries by softwood cuttings and root pieces appear feasible (Busby and Himelrick, 1999; Thompson et al., 2004; Zimmerman et al., 1980) . Propagation of blackberry by hardwood or floricane stem cuttings has been reported, but the results have been poor and variable (<50% rooting) (Bray et al., 2003; Lopez-Medina and Moore, 1997; Zimmerman et al., 1980) . Treatment of blackberry cuttings with indolebutyric acid (IBA) has given mixed results (Busby and Himelrick, 1999; Zimmerman et al., 1980) . Rooting in hardwood cuttings occurred at the base of the cuttings, but the cause of poor rooting in some cultivars was attributed to overwatering (Zimmerman et al., 1980) . Each of the traditional non-TC methods has its disadvantages. Tip-layering technique is laborious and the ratio of new transplants produced per stock plant is usually low (Hartmann et al., 1997) . To root leafy, softwood material, the cuttings must be stuck in root media and misted intermittently for several weeks. For commercial acceptance of a propagation method, stock plants must produce plant material in large numbers, and the collection and handling of propagation material must be cost effective. A simple, inexpensive method that will generate high numbers of rooted cuttings is preferred.
Rooting leafy cuttings of ornamental crops with one to several nodes can be done in enclosed systems (Hartmann et al., 1997) , in which watered-in cuttings are placed in plastic tents without intermittent misting using the following environmental conditions: rooting media temperature of 18 to 25°C, atmosphere that is conducive to low water loss, and light level that is not excessive. Rooting of hardwood cuttings under a plastic tent without mist was reported to be as good as rooting under intermittent mist in some thornless blackberry (Zimmerman et al., 1980) . In a preliminary study, several adventitious roots developed at the base of most axillary buds on five-node hardwood cuttings of 'Siskiyou' with their base submersed in water and stored in sealed plastic bags (F. Takeda, personal observation). Flower bud initiation in blackberry occurs in the fall. Floral primordia in trailing blackberry (e.g., 'Siskiyou') differentiate in the fall, but floral primordia in eastern thornless blackberry (e.g., 'Triple Crown') are not visible until spring (Takeda et al., 2002; Takeda and Wisniewski, 1989) . The presence of an actively growing shoot tip is necessary during the first 3 or 4 d after the cuttings are made for root formation to occur (Hartmann et al., 1997) , but if the apical meristem that is already reproductive is left intact on hardwood blackberry cuttings, the shoots that emerge during propagation likely will end in flowers. Excising the distal half to two-third of the axillary bud should remove the differentiated meristem. Cytokinin application to buds favors shoot formation and inhibits root initiation in stem cuttings, but in decapitated pea (Pisum sativum) cuttings, cytokinins at very low concentrations promoted root initiation (Erickson, 1974; Heide, 1965) .
One objective of this study was to assess whether one-node and twonode hardwood cuttings of 'Siskiyou' and 'Triple Crown' could be rooted in an enclosure system. A second objective was to determine the effects of cytokinin application and bud removal on adventitious root and shoot (flowering and vegetative) development in hardwood cuttings collected in winter.
Materials and methods
Lateral canes were collected in Nov. 2009 , Dec. 2009 , and Jan. 2010 from 9-year-old 'Siskiyou' (Finn et al., 1999) and 'Triple Crown' (Galletta et al., 1998) blackberry plants trained on the rotating cross-arm trellis system at the Appalachian Fruit Research Station, Kearneysville, WV (Takeda et al., 2003) . The crossarms were positioned upright in summer and the lateral canes were tied to wires on the cross-arm as they grew vertically and were tipped at 6 ft or when they grew 4 inches beyond the topmost wire. In late fall, the crossarms with the lateral canes of 'Siskiyou' were rotated downward and oriented horizontally 20 inches above the ground and a floating rowcover (1.5 oz/yard 2 ; Altmore Industries, Altmore, AL) was installed over the plants in early December to reduce winter injury (Takeda et al., 2008) . The lateral canes of 'Triple Crown' plants remained in a vertical orientation and were not protected in winter. Each month, five or more lateral canes were harvested from five 'Siskiyou' and five 'Triple Crown' plants. The canes were made into two-node cuttings in November and into one-node cuttings in December and January. The axillary buds were either left intact or the distal half to two-third of the bud was excised. The bases of the axillary bud on half of the cuttings in each group (intact or excised buds) were dabbed with a cotton swab dipped in either 0.87 mM (196 ppm) 6-benzyladenine or water. Cuttings were placed in the following rooting media: in 250-mL beakers with 1 cm of water in November, in 50-cell pack flats filled with moist peat-based media in December, or in moistened 102-count foam growing media (Oasis WedgeÒ; Smithers-Oasis, Kent, OH). The beakers and trays were put in clear plastic bags, and the bags were closed to maintain high humidity and held at room temperature (20°C ) under low light condition (%15 mmolÁm -2
Ás
-1 photosynthetically active radiation for 8 to 9 h per day). The experimental design for each cultivar was a split plot with six replicates with five to six cuttings in each replicate. In November, each beaker was considered a replicate and each beaker held five cuttings. The intact and excised axillary buds comprised the main plots and the cytokinin treatments comprised the subplots. The cuttings were misted at weekly intervals with a spray bottle and they were inspected for root and shoot growth after 2 and 4 weeks. After 4 weeks in the rooting media, the rooted cuttings were transferred into pots and moved to a greenhouse bench with bottom heat for additional observations. Percent shoot and root emergence calculated for each replicate was transformed before statistical analysis. Transformed data were analyzed by analysis of variance using SAS (version 9.1; SAS Institute, Cary, NC) with a model that included treatments, replications, and sampling dates, and significance was tested at P £ 0.05. Mean separation was determined by Student's t test for significance at P £ 0.05.
Results and discussion
A non-misted, enclosed system was effective in inducing adventitious root and shoot development in nonleafy, hardwood cuttings of 'Siskiyou'. Emergence of shoots occurred in high percentage of 'Siskiyou' cuttings from all collection dates (Table 1) . Averaging across all treatments, rooting was 83% and 97% in cuttings propagated in November and December, • April 2011 21 (2) respectively, and 66% in cuttings propagated in January. In 'Siskiyou' and in 'Triple Crown', adventitious roots developed mostly at the base of the axillary (Fig. 1A) , but in %15% of cuttings, additional adventitious roots developed at the base of the cuttings (data not presented). Although different rooting medium (Fig. 1B) (Busby and Himelrick, 1999; Zimmerman et al., 1980) . In 'Triple Crown' cuttings, shoots emerged in 73% of cuttings in 4 weeks, but rooting occurred in fewer cuttings. Averaged across all treatments, rooting occurred in 27%, 40%, and 27% of cuttings stuck in November, December, and January, respectively ( Table 2 ). The rooting results obtained for three collection dates were not statistically significant (P > 0.05). The rooting success of hardwood cuttings of 'Triple Crown' was as good as those reported for softwood cutting by Busby and Himelrick (1999) but slightly less than those reported by Zimmerman et al. (1980) . The use of one-node cuttings for the enclosed system maximized the quantity of cuttings that could be obtained from stock plants. The results also indicated that hardwood cuttings taken in winter can be rooted in low light conditions. Therefore, the trays can be stacked to increase the number of cuttings for rooting in a given floor space. The system used in this study appears to be an effective and efficient method for vegetative propagation of 'Siskiyou' but not for 'Triple Crown'.
Adventitious root development at the node was unaffected by excising the bud tip at all propagation dates (Tables 1 and 2 ). Nevertheless, partial bud removal caused callus growth at the base of the axillary bud, which may be induced to form roots with an appropriate environmental or hormone treatment. Interestingly, the cytokinin treatment increased cuttings with multiple shoot growth. Averaging across cultivars and sticking dates, 34% of cytokinin-dipped cuttings developed side shoots compared with only 22% of water-dabbed cuttings. Despite the increased shoot growth, cytokinin treatment reduced adventitious root growth. For example, after 2 weeks in the enclosed system, only 3% of 'Siskiyou' cuttings stuck in Fig. 1 . One-node hardwood cuttings of 'Siskiyou' blackberry in the enclosed system and after replanting in pots and grown in the greenhouse showing the development of adventitious roots and flowering shoot. (A) After 2 weeks in the enclosed system, leaves from the main shoot (z) and a side shoot (y) are visible. Also, the adventitious roots (x) are starting to emerge from the base of the axillary bud. (B) After 3 weeks in the enclosed system, adventitious roots are present at the base of the axillary bud. Note that some adventitious roots (arrow) are growing upward and out of the substrate and callus has differentiated at cut ends (z). (C) A rooted cutting %6 weeks after being potted and grown on a heated mat in the greenhouse. Note the upright fruiting shoot with three berries (z), and vegetative side shoots (y) have developed from the axillary bud. Roots have emerged through the drain hole at the bottom (arrow). Table 2 . The effect of partial bud excision and benzyladenine [0.87 mM (196 ppm)] application on the percentage of non-leafy floricane cuttings of 'Triple Crown' blackberry with shoot and root after 1 mo. in the enclosed environment. Buds were either left intact or the distal half to two-third removed by making a radial cut through the bud. Cuttings were stuck in rooting medium in Nov. 2009 , Dec. 2009 , and Jan. 2010 
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• April 2011 21 (2) PRELIMINARY AND REGIONAL REPORTS November and treated with cytokinin had roots compared with 80% of untreated cuttings (data not presented). After 4 to 6 weeks in the greenhouse, the main shoot that developed from rooted cuttings with intact axillary bud ended with several flowers, but the side shoots were vegetative and grew as much as 60 cm (Fig. 1C) . A partial excision of the axillary bud is a means to eliminate the development of flowerings. All cuttings that were retained in the enclosed system for additional 4 weeks survived, suggesting that the window was broad for removing cuttings from the enclosure (data not presented). However, no significant increase in rooting was observed during their second month in the enclosed system. In a side study, one-node cuttings were placed between moistened paper towels and stored in a sealed plastic bag for 4 weeks. Many roots developed in these cuttings, but shoots did not emerge (data not presented). These observations suggest that some light is necessary for shoot growth. This technique may be of benefit for propagating cultivars that do not root well from hardwood cuttings. Cuttings can initially be stored in bags with high humidity for 2 or 3 weeks to initiate adventitious roots, and only those cuttings with roots would be transferred in trays and grown out in a heated greenhouse under mist or in an enclosed system for further development. This procedure should improve propagation and greenhouse use efficiency and reduce water use by shortening the time the cuttings are under intermittent mist.
Adventitious root formation in 'Siskiyou' and 'Triple Crown' obtained in this study was similar or better than the results of other studies using other blackberry cultivars, in which auxin treatments were applied and green or hardwood cuttings were misted intermittently. Much of the adventitious roots on cuttings placed in the enclosed system developed from the base of the axillary bud. Rooting occurred at the bud whether the node was above or in the rooting medium ( Fig. 1A and 1B) . The enclosure system used in this experiment is straightforward and low cost. For commercial acceptance of this method, however, modifications to stock plant production techniques are necessary to comply with the voluntary certification code in some states for the propagation of caneberry planting material. According to the Washington State Department of Agriculture (2010), cuttings of caneberry plants cannot be taken from planting stock for more than 2 years and planting stock remains non-flowering.
Research by others (Busby and Himelrick, 1999; Zimmerman et al., 1980) showed that a high percentage of softwood cuttings of thornless blackberry taken in summer can be rooted under intermittent mist. The results of this study showed that a high percentage of hardwood cuttings of 'Siskiyou' taken in winter will root in an enclosed system without intermittent misting. Propagation of 'Triple Crown' by hardwood cuttings needs further research. In this study, less than 50% of 'Triple Crown' cuttings rooted in the enclosed system. In both cultivars, shoot growth occurred in high percentages of one-and twonode cuttings. Auxin treatments can improve rooting somewhat (Bray et al., 2003; Busby and Himelrick, 1999; Zimmerman et al., 1980) . In these reports, auxin was applied as a dip in talc powder with IBA or as a quick 5-s dip in IBA solution. However, uniform rooting may be difficult to obtain because of the variability in the amount of the talc adhering to the base of the blackberry cuttings that tend to have smooth texture or as a quick 5-s dip in IBA solution (Hartmann et al., 1997) . Perhaps the total amount of auxin reaching the base of the axillary bud where most of the adventitious roots were initiated can be improved if cuttings are soaked in more dilute auxin solution for longer periods. The enclosure technique must be refined to improve rooting of recalcitrant cultivars like Triple Crown, and utility of hormone will be further evaluated. Any propagation method for commercial distribution of plant material must produce transplants that are pest-free and meet state certification code and regulations. It is anticipated that the effectiveness, efficiency, and low cost of this enclosure approach can be used for large-and small-scale propagation of blackberry plants.
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